Abstract-This paper presents a G-band (140 -220 GHz) monolithic microwave/ (millimeter-wave) integrated circuit (MMIC) resonant tunneling diode (RTD) oscillator operating at 205.8 GHz with -14.6 dBm output power. The circuit topology employs two InGaAs/AlAs RTDs in parallel. A new RTD epi-layer material design which will greatly benefit micrometer-sized RTD devices for high output power of millimeterwave oscillators is also presented. It is expected that the oscillator output power will reach several mW for RTD oscillators operating in the G-band. This work shows the promising potential of RTD oscillators as terahertz (THz) sources for a variety of applications including high speed wireless communication.
INTRODUCTION
The terahertz (THz) technology is attracting more and more research interest because of its potential for use in new applications such as security imaging, radar, and ultra-broadband wireless communication, etc. Specifically, the resonant tunneling diode (RTD) device is one of the promising candidates as a technology platform for electronic THz communications. A transmission rate of 3 Gbps at 540 GHz by using an RTD oscillator was recently demonstrated by research group in Japan but still the low output power and non-optimal circuit design are the bottlenecks to its development [1] .
We reported a series of D-band MMIC RTD oscillators with close to 1 mW output power [2] . In this paper, effort was made to increase the operating frequency/power as well as optimizing the epi-layer design. It is expected from these efforts that these RTD oscillators will provide several milliwatt (mW) output power for frequencies beyond 100 GHz in the near future.
II. RTD EPI-LAYER DESIGN
In this paper, two different RTD layer structures are presented in Table 1 . For both structures, InGaAs quantum well and AlAs barrier thickness were kept as constant while for epilayer II the spacer layers were thinner than epilayer I. By reducing the spacer layer under accumulation, it is expected that the peak voltage (V p ) is smaller for epilayer II than epilayer I due to a reduction in space charge resistance. Low V p will benefit the oscillator design with increasing the DC-RF efficiency. The reduced spacer thickness also translates into higher device currents.
The DC measurement results of RTD device with the same device size (16 μm 2 ) are plotted in Fig. 1 and compared in Table 2 , where V p /I p is the peak voltage/current, V v /I v is the valley voltage/current, PVCR is the peak to valley current ratio, and C n is the nominal geometrical self-capacitance. Even though C n almost doubles (and this can be tuned out by the resonating inductance), the peak-to-valley current difference is more than quadruples and so higher output power in oscillator circuits can be expected. The maximum available oscillator power (P osc ) of a single RTD oscillator can be estimated by 3/16ΔV ΔI [3] . The estimated power for epi-layer II device is over 4 times higher than layer I. The oscillator results presented in this paper were obtained using epilayer I structure; fabrication of oscillators using epi-layer II is underway and results will be presented in the final paper and at the conference.
III. RTD OSCILLATOR DESIGN AND MEASUREMENT RESUTLS
The RTD oscillator design approach employs two RTDs in parallel as shown in Fig. 2 . Each device is biased individually with shunt resistor R e and a bypass capacitor C e . Inductance L is realized by terminating a coplanar waveguide (CPW) with the capacitor C e . R L is the load resistance which is 50 Ohms (input impedance of the spectrum analyser). A photograph of the fabricated oscillator with RF probe landing on top of the CPW structure is shown in Fig. 3 . The oscillation signal spectrum is shown in Fig. 4 ; -14.6 dBm at 206 GHz was measured. At the moment, significant impedance mismatch is noted and this needs to be improved in future designs. Fig. 3 . Photograph of the fabricated oscillator that employs 2 RTD devices with measurement probes landed on the chip. 
